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Fig. 1 Diffractive lens construction 
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and recommendations for further research and development are contained in Section 6. 



2.1 Fundamental Properties of Diffractive Lenses 

Diffractive lenses can significantly reduce the size, weight, and cost of a variety of 
optical systems, which currently utilize refractive and/or reflective optical components. 
There have been several recent conferences that address design, fabrication and applications 
of systems that contain diffractive optics. One can get a good overview of the recent 
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Note that while the schematic drawings may appear similar, a diffractive lens is not 
a Fresnel lens - the operating principles of the two lenses are completely different. The 
operation of a diffractive lens is based on the principles of interference and diffraction. One 
can attribute high diffraction efficiency to the proper design of the surface that produces an 
emerging wavefront that arrives at the focal point precisely in phase (constructive 
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wavelength dependence associated with a diffractive lens, one might tend to think their use 
is limited to monochromatic applications; however, this is not the case. 
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refractive lens elements are discussed in Section 2.2. 
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to ^q. Equating Eqs. (1) and (2) for the case when X = Xq one finds that 



Using Eqs. (1) - (3), it follows that the model index of refraction n^A) for a diffractive 
lens at wavelength A (assuming that the lens is using the first diffraction order and is 
working in air) is 



Fig. 3 Configuration for a hybrid, diffractive/refractive, achromatic lens. 
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Diffraction Limit 



Polychromatic MTFs for two spectral bands, (a) F/5 system (circular exit pupil) 
with design wavelength Xq = 0.55 pm and a uniform spectral bandwidth ranging 
from 0.4 |im to 0.7 pm. The value of r| int = 0.914. (b) F/2 system (circular 
exit pupil) with design wavelength Xq = 10 |im and a uniform spectral bandwidth 
ranging from 8 pm to 12 pm. The value of rij nt = 0.955. 




Partial Dispersion 




Table H: Material Parameters for Hybrid and Doublet Lens Design 




Diffractive -2.00 0.5000 

Germanium 101.49 0.6879 

Silicon 250.05 0.6701 

Zinc Sulfide 112.65 0.4865 

Zinc Selenide 179.38 0.6250 













Table III: Achromatic Diffractive/Refractive Hybrids and Doublets 
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Table HI, (cont'd) 
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associated with thin-film coatings. For example, the index of refraction for the coating 
specified for the coating design may not be physically attainable, or the thermal properties 
of the coating may not be compatible with the substrate material, and so on. Recently, the 
use of anti-reflective structured (ARS) surfaces have been proposed as a novel alternative to 
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D. H. Raguin and G. M. Morris, "Analysis of anti-reflection structured surfaces 
with continuous one-dimensional surface profiles," Submitted to Applied Optics, 
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Potential Applications of Diffractive Optics Technology 
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6.5 (im < X, < 7.0 jun AX/X = 0.07 

7.1 |im < X, < 7.5 |xm AX/X = 0.05 

10.5 nm < X < 11.2 (im AX/X = 0.06 

11.5 |im < X, < 12.5 (im A 7 JX = 0.08 

13.1 nm<X,< 13.6 |im AX/X, = 0.04 



It appears that the aft-imagers of GOES N could benefit from the use of 
diffractive/refractive hybrid lenses. A preliminary design for an aplanatic, aft-imager lens 
is described below in Section 5.1. 
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With TIM and SIM, the goal is to understand the implications of solar irradiance 
variability for weather and climate, and for solar physics. The spectral range for TIM is 
from the far UV to the far IR with uniform sensitivity. The spectral range for SIM is from 
0.35 to 4.0 |im. The TIM system consists of a radiometer/detector design (little or no 
optics). The SIM system is currently comprised of three sets of prism spectrometers. Each 
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1 R. Kingslake, Lens Design Fundementals (Academic Press, Orlando, 1978) 



The angle I is the angle of refraction of the marginal ray and the angle U is the angle 
between the incident marginal ray and the optical axis. The points i and o are the image and 



Using aplanats with large cone angles requires an extremely large first surface 
curvature. The large curvature results in large reflection losses in the extreme rays and a 
reduction in the field-of-view. The AVHRR aplanat is shown in Fig. 7. 



^ v j 

a Ron Koczor, Private communication, June 11, 1992. 
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The doublet is made from two ZnS lenses with a weak diffractive element on the 
front surface of the first element. The diffractive lens is used to correct chromatic 
aberrations of the doublet. The on-axis performance of the aplanatic doublet is shown in 
Fig. 9. 
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Fig. 10 Hybrid diffractive/refractive aft-imager. 




This imager consists of a single ZnS element with a diffractive lens on the front 
surface. The diffractive lens is used to provide color correction and the aspheric terms 
required to correct the spherical aberration. The incident beam is f/2.6 and the beam 
incident on the detector plane is f/0.64. The performance of the hybrid element over the 
1 1.5-12.5 pm wavelengths can be seen in the spot diagram shown in Fig. 1 1. 
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Fig. 13. Spot diagram for the LMS telescope. 


The encircled energy plot in Fig. 14 shows that more than 90% of the energy for a spot at 
each field angle is contained within 15 (im. 
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Fig. 18. System layout of an f/1, 200-mm focal length mirror. 




aberration is the primary aberration. 


There are three ways that spherical aberration can be reduced. One way is to use 
parabolic, ellipsoidal or aspheric mirrors, however, the difficulty is that these non-spherical 
surfaces are much harder to fabricate than spherical surfaces. A second way is to place an 
aspheric corrector plate in front of the system in a configuration similar to a Schmidt 



5 Geostationary Imager Concept Development Final Report (Viewgraphs), GE Astro Space, 
September 25, 1990 



Diffractive Schmidt Plate 
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Fig. 21. Performance of a diffractive Schmidt mirror system. The performance is 
improved over the uncorrected mirror. 




Adding a diffractive element to a mirror will produce chromatic aberrations. These 



the mir ror surface. This has the advantage of fixing the alignment between the mirror and 
the corrector element The complication is that the diffractive surface must be placed onto a 
curved surface. 

A design for a hybrid mirror was generated and compared to the diffractive Schmidt 
mirror system. The design is shown in Fig. 22. 


f/1 Spherical Mirror with 
Diffractive Aspheric Terms 



range is 8-12 pm. The performance of the hybrid mirror is shown in Fig. 23. 




The diffractive element corrects the spherical aberration but does add some chromatic 
aberration. Performance of the hybrid mirror is similar to the diffractive Schmidt mirror, 
but is much better than a similar uncorrected spherical mirror. 

The minimum zone spacing for the system operating at a center wavelength of 10 
I im is 680 (J.m. This is a very large groove spacing and easily obtainable using present 
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Recommendations 

As identified in this report, diffractive optics may provide a key technology for 
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